sugar died after one month, and this mouse was proved to be insulin-dependent diabetes and have pathological findings of insulitis in the pancreas. Makino et al. (1980) succeeded in making specific pathogenic free (SPF) in the isolator and established the NOD strain as a new diabetic one.
Till now several investigations on NOD mouse have been reported (Fushimi et al. 1980 ; Makino et al. 1981 ; Matsushima et al. 1982 ; Kataoka et al. 1983) . In this study, the amounts of insulin, glucagon and somatostatin in the pancreas of NOD mice were determined, and the values of virus antibody to Coxsackie B-3 and reovirus types 1, 2 and 3 were measured in NOD mouse plasma.
MATERIALS AND METHODS
NOD mice (30 females and 13 males, mean age 7.8±0.9 month, mean ± s.E.) were supplied from the Shionogi Research Laboratories and 8 female mice of ICR-strain were from Clea Japan (Tokyo) as control. They were fed ad libitum till experiment. The overt diabetic mice after the appearance of urinary sugar were kept in the poor diabetic state without insulin treatment. The mean living days till sacrifice after the appearance of overt diabetes were 14 days. The mice were anesthetized with ether after fasting for 24 hr and the blood was taken to the heparinized tube by cardiac puncture and centrifuged. Plasma was frozen at -20°C until the determination of fasting plasma glucose (FPG) or virus antibody titer.
After exsanguination, the pancreas was excised, minced and extracted with acid ethanol (Hayashi et al. 1977; Tasaka et al. 1979) , and immunoreactive insulin (IRI) or glucagon (GI) in the extract was determined, and their contents in the pancreas were calculated. For the determination of somatostatin in the pancreas, pieces of the pancreas were homogenized and extracted with 0.1 N acetic acid and after lyophilization, the extract was dissolved in 0.1 M phosphate buffer and determined immunologically at Special Reference Laboratory (Tokyo). Recovery was 84±3% and the minimum assay value was 3 pg/ml. C.V. (coefficient of variation) of intraassay value was 14.7% at a high concentration (29.6 pg/ml, N = 10), 17.0% at a middle one (19.2 pg/ml) and 14.1% at a low concentration (7.8 pg/ml). Interassay C.V. was 12.7% at a high concentration (53.6 pg/ml, N=5),18.9% at a medium concentration (21.5 pg/ml) and 27.2% at a low concentration (3.7 pg/ml). Plasma glucose was determined by an autoanalyser using the glucose oxidase method. IRI in the extract of the pancreas was determined by the two-antibody immunoassay (Morgan and Lazarow 1963) using rat standard insulin. Antiglucagon serum 30 K for the determination of GI was obtained from Hoechst Japan (Tokyo). GI in the extract was determined by the polyethylene glycol method (Henquin et al. 1974 ). Bouin-fixed, decerated paraffin section of the pancreas was used for the histological studies. The plasma antibodies to Coxsackie B-virus (Inoue 1978 ) and reovirus types 1, 2 and 3 (Akao 1978) were determined, respectively. Statistical analysis was performed by Student's t-test and probability of less than 5% was considered to be significant.
RESULTS
Fasting plasma glucose and insulin content of the pancreas The insulin content of the pancreas of the NOD mice relation to their FPG levels ( Fig. 1) . Pancreatic IRI in the with FPG less than 140 mg/ 100 ml was 1.77±0.56 U/g wet significantly lower (p <0.05) than those in the control was determined in female NOD mice weight, which was female ICR-strain mice(3.5+0.3 U/g wet weight of pancreas) or the male NOD mice with FPG less than 140 mg/ 100 ml (3.6±0.6 U/g wet weight). The decrease in IRI was more marked in the group with FPG between 141 and 200 mg/100 ml or more than 201 mg/ 100 ml ; each value 0.117± 0.08 U/g or 0.002±0.001 U/g wet weight close to zero, respectively.
Fasting plasma glucose and glucagon and somatostatin contents in the pancreas GI contents of the pancreas of the NOD mice were determined in relation to their FPG levels. GI contents in the NOD mice with FPG less than 140 mg/100 ml in either sex were significantly lower than those in the normal control mice (7.76± 0.89 ,u g/g wet weight), but there was no significant difference in the GI contents among the NOD mice with different FPG levels (Fig. 2) . Somatostatin contents of the pancreas of of the NOD mice were 148± 41 ng/g wet weight in the group with FPG higher than 201 mg/ 100 ml, and 102±32 ng/g wet weight in those with FPG between 141 and 200 mg 100 ml and there was no significant difference in pancreatic somatostatin contents among them (Fig. 3 ).
Histological findings of the pancreas and its insulin content in NOD mice Even in some of the NOD mice which had neither urinary sugar, nor overt diabetic symptoms, the insulin content of the pancreas was low. Therefore, the relation between the histological findings of the pancreas and the insulin content The infiltration is marked at peripheral region of islets, and most of islet cells seems to be intact. of the pancreas was investigated in 4 NOD mice. Fig. 4 shows the histological findings of the pancreas in a female NOD mouse which had strongly positive urinary sugar and FPG 366 mg 100 ml. Marked infiltrations of small round cells were found in pancreatic islets. The insulin content of the pancreas was 0.014 U/ g wet weight. The second case was the female one which had normal FPG (89 mg 100 ml) and no urinary sugar (Fig. 5) . In spite of normal FPG level, mild 
Plasma virus antibody in NOD mice
Plasma antibodies to Coxsackie virus type B-3 and reovirus types 1, 2 and 3 were determined in the NOD mice. No groups of the NOD mouse with FPG from less than 100 mg/ 100 ml to more than 201 mg/ 100 ml had increased titer of virus antibody associated with the development of diabetes mellitus (Table 1) . Some plasma samples were diluted twice due to sample deficiency.
DISCUSSION
As shown in this investigation, the insulin content of the pancreas of the female NOD mice was already decreased at the early stage when they had no urinary sugar or diabetic symptoms. There was a clear reciprocal relation between this reduction and the increase in FPG value, and the insulin content in the pancreas was close to zero with FPG more than 201 mg/100 ml, suggesting typical insulin-deficient diabetes. These findings are similar to those in streptozotocin diabetes, human insulin-dependent diabetes or Sekoke disease of carp (Yokote 1970) . It is easily understood why the amount of pancreas insulin is already decreased in the NOD mice before the onset of diabetic symptoms if we observe lymphocytic infiltration in the pancreatic islets at an early stage in the NOD mice. Lymphocytic infiltration in the pancreas of the NOD mice has been found in 80% of females and 60% of males five or six weeks after birth (Tochino 1982) , showing the pathological findings of insulitis. In this study, although the insulin content of the pancreas of the male NOD mice with FPG less than 140 mg/ 100 ml was not different statistically from that in the normal controls, some morphological changes would already be present. In the NOD mice, loss of body weight and ketosis appear immediately after the onset of overt diabetes, and they die within one or two weeks without insulin treatment. Therefore abnormal glucose intolerance would appear suddenly at some stage together with the striking decrease in pancreas insulin. The glucagon content of the pancreas was already decreased in both the male and the female NOD mice with FPG less than 140 mg 100 ml and showed no further decrease even in those with higher FPG levels.
Histologically the infiltration of small round cells into the pancreatic islets causes damage only to B cells of the islets initially and other endocrine cells are intact, but soon A, D, or F cells form lines as if they follow the initial lymphocytic infiltration in the pancreatic islet (Fujita et al. 1982) . Eventually all the endocrine cells including A cells in the pancreatic islets would be decreased. The reason why the glucagon content of the pancreas was low in the NOD mice from the beginning of the observations is unknown. One possibility is that pancreatic A cells might be more heavily infiltrated with lymphocytes than B cells.
Hyperglucagonemia and high glucagon content in the pancreas are found in streptozotocin diabetic rats together with a marked decrease in insulin in the pancreas (unpublished observations) and no significant increase in glucagon content in the pancreas of alloxan diabetic dogs was reported (Tasaka et al. 1984 ). The histological findings in the pancreas of NOD mice would be different from those in animals with such experimental diabetes in that the destruction of the pancreatic islet is not limited to B cells. There are two different reports on the somatostatin content of the pancreas of diabetic mice ; one states that it increased (Dolais- Kitabgi et al. 1979 ) and the other that it decreased (Makino et al. 1979 ). Berelowitz et al. (1980) reported that amount of somatostatin in the pancreas is low until 18 weeks after birth in ob-ob mouse and 10 weeks in db-db mouse, thus suggesting the inportance of sampling time. In this study. NOD mice with FPG more than 200 mg/ 100 ml had a tendency toward a high somatostatin content in the pancreas, and Matsushima et al. (1982) reported an increased level of somatostatin in the pancreas. In NOD mice lymphocytic infiltration has been reported not only in the pancreatic islets but in the salivary gland, ovarium and thyroid gland, and some autoimmune mechanism could play an important role in the development of diabetes mellitus. Although we cannot completely deny the participation of virus infection in the pathogenesis of diabetes in the NOD mouse, no NOD mice had antibodies to reovirus type 1, 2 or 3, or Coxsackie virus type B-3. Recently Fujita et al. (1984) reported that retrovirus was found in the B cells in the pancreatic islets of NOD mice. Whether this retrovirus really induces diabetes mellitus or not has to await further investigation. The B B/W rat is likewise a model of spontaneous autoimmune diabetes mellitus and in this rat, no virus antibodies including those to pneumonia virus, reovirus types 3, encephalomylitis virus and Sendai virus were found. The exact pathogenesis of the development of diabetes mellitus in the NOD mouse is unknown, but an autoimmune mechanism based on some chromosome abnormality has been proposed.
The heavy lymphocyte infiltration in the pancreatic islets and other organs would induce various abnormalities in the NOD mouse and these facts would assume a pathophysiology different from those of experimental diabetes.
